It is well-known that image pixel values of an object could vary if the lighting conditions change. Some common factors that produce changes in the pixels values are due to the viewing and the illumination direction, the surface orientation and the type of surface. For the last years, different works have addressed that problem, proposing invariant representations to the previous factors for colour images, mainly to shadows and highlights. However, there is a lack of studies about invariant representations for multispectral images, mainly in the case of invariants to highlights. In this paper, a new invariant representation to illumination intensity, object geometry and highlights for multispectral images is presented. The dichromatic reflection model is used as physical model of the colour formation process. Experiments with real images are also presented to show the performance of our approach.
Introduction
The image pixel values of an object could vary if the lighting conditions change. During the image formation process, the main factors that could produce changes in the pixel values are: viewing direction, surface orientation, highlights, illumination direction, illumination intensity, illumination colour and inter-reflections.
The aim of invariant image representations is to obtain the same value for the pixels of an object, independently of the conditions commented above. These representations can be quite useful to measure or recognize objects in images or other tasks that require invariance to any of these properties. For instance, intensity-based edge detectors cannot distinguish the physical cause of an edge, such as material, shadows, surface orientation changes, etc. This fact produces poor segmentations and, therefore, bad recognition of objects.
Illumination Intensity, Object Geometry and Highlights Invariance
For the last years, significant works about invariant representations for colour images have been carried out [2], [4], [1] . Many of them use the reflection model introduced by Shafer in [7] as a physical model to understand the colour of a concrete pixel. The reader is addressed to [3] for a comprehensive study.
The next section explains how to obtain invariant representations to illumination intensity and other geometric factors (as shadows) and highlights, performing simple mathematical operation with bands (R, G and B, for colour images). Our approach for multispectral images is based on similar properties, taking advantage of the Neutral Interface Reflection (NIR) and narrow band filter assumptions. We have named our invariant L n which is invariant to illumination intensity (assuming white illumination), object geometry and highlights while approximately preserving the spectral information of the image.
Multispectral Invariant Representations
The use of the reflection model is key point to understand how a sensor works. The Dichromatic reflection model introduced by [7], represents the output value C of a pixel in the image plane as: (1) for C n = {C 1 , . . . , C N } giving the C th sensor response of a multispectral camera, c b and c s are the surface albedo and Fresnel reflectance respectively, λ denotes the wavelength, − → n is the surface patch normal, − → s is the direction of the illumination source and − → v is the direction of the viewer. Geometric terms m b and m s denote the geometric dependencies on the body and surface reflection component respectively.
Considering the Neutral Interface Reflection (NIR) model (assuming that c s (λ) has a constant value independent of the wavelength), narrow band filters modelled as a unit impulse and white illumination (equal energy density for all wavelengths within the visible spectrum), then e(λ) = e, f = λ f 1 (λ)dλ = · · · = λ f N (λ)dλ and c s (λ) = c s , and hence being constants. Then, with this assumption, the measured sensor values are given by:
If the object is matte, that is, if it does not have highlights, then the second part of the equation 2 can be neglected. Therefore, the equation 2 can be simplified as follows:
It is possible to obtain invariant representations to some conditions, performing simple mathematic operations with the bands. For instance: for matte objects, dividing two bands i,j allows to get an illumination intensity and object geometry invariant representation, i.e. non-dependent of m b and e factors:
